Abstract. Slowly accumulated (<5 cm kyr '1) and rapidly accumulated (5-20 cm kyr -1) sediments have been compared to define the initiation and termnation times of the most recent sapropel (S1) in the eastern Mediterranean Sea. The Ba/A1 ratio has been employed as a more persistent index of productivity than C•g. Accelerator mass spectrometry radiocarbon dating of pelagic foraminifera indicates a maximum duration for increased Ba/A1 levels in S 1 from -9500-6000 (uncorrected radiocarbon convention years B.P.) in the rapidly accumulated sediments and -9500-5300 years B.P. in the slowly accumulated sediments. This difference is ascribed to bioturbation affecting the slower accumulated S1 sediments. In the two most rapidly accumulated S1 units, from the Adriatic and Aegean Seas, there is a "saddle" of lower values centered on 7500 years B.P. in the Corg and Ba/AI profiles, so that the visual S 1 unit appears as a doublet. Geochemical evidence indicates that this intervening period is best interpreted as an episode of increased ventilation and bottom water oxygenation during the period of sapropel accumulation.
paleoen vironmen t al, and sedimentological studies because it means that the true duration of sapropel formation is not coincident with the visual evidence in the sediments but rather occurs over a longer sediment interval. Thomson et al., [1999] proposed that the Ba/A1 ratio was a more persistent criterion than color or Co•g content for the study of sapropel productivity pulses, and this contention has been borne out in older sapropels [van Santvoort et al., 1997] . This paper uses a combination of the Ba/A1 ratio and accelerator mass spectrometry (AMS) radiocarbon data to study the development of S1 in cores with different sediment accumulation rates and from different water depths, from widely separated eastern Mediterranean basin locations. Figure 1 ). Cores were sub sampled at 1 cm intervals with sufficient sediment taken to give a dry weight of >3 g. Samples were freeze-dried or oven-dried at 105øC then ground and homogenized using a tungsten carbide swing mill. A Philips PW1400 automatic sequential wavelength dispersive X-ray spectrometer was used to determine Ba and S on pressed powder pellets and A1 and Mn on lithium meta-tetraborate fusion discs. Accuracy and precision were ascertained by running the international standard reference material MAG-1 (marine mud); the precision for trace element determination was 5% relative standard deviation (RSD), while for major element analyses it was typically <1% RSD. Organic carbon and CaCO3 were determined coulometrically from released CO:. Inorganic C (biogenic calcium carbonate) was measured as the CO: evolved by the addition of 10%(vol/vol) H3PO4, and total C was measured as the CO: generated by total sample combustion at 900øC. Organic carbon (Co,g) was then calculated as total C minus inorganic C, and CaCO3 was calculated as 100 (inorganic C)/12. Precision for both CaCO3 and Co•g analyses was determined by replicate analysis of an in-house standard (a deep-sea carbonate sediment) at <1% RSD for CaCO3 and <3% RSD for Co•g measurements, respectively.
Material and Methods

Samples from box and piston cores from various eastern
Planktonic foraminifera >150 I. tm in size were handpicked for AMS radiocarbon analysis because they have an unequivocal surface ocean source and are the sediment size fraction least liable to post-depositional transport (Troelstra et al., 1991). Species differentiation was not attempted because the total sediment sample available (-5 g wet) was often sufficient only to provide the 10-12 mg of biogenic CaCO3 in the >150 gm size range necessary for a single AMS analysis. Samples were prepared as graphite targets at the NERC Radiocarbon Laboratory and analyzed at the Lawrence Livermore National Laboratory AMS Facility (CAMS analyses) or at the Scotfish Universities Research and Reactor Center and analyzed at the Arizona Radiocarbon Facility (AA analyses). Further species specific (Globigerinoides bulloides or G. ruber) AMS radiocarbon analyses from LSCE were available for one core (Siani, 1999, GifA analyses, Table 2 ).
Results and Discussion
Primary production of Corg and its preservation in the sediments are separated by remineralization by oxic or anoxic mechanisms during sinking through the water column and after deposition at the seafloor. Although sapropel S1 is the Sapropel S1 is evident in most cores as a single, dark, Co,grich horizon up to-10 cm thick. The visual S 1 units in certain cores studied here are unusually thick at up to 50 cm, and in some the dark coloration is in two parts ( of the Ba/A1 productivity index rather than Co,g content or color and by using multiple AMS radiocarbon ages to confh'm that the units are consistently of S1 age. Ba/A1 is <0.004 and Cots is <0.5 wt %. The significance of this central section in these two cores will be discussed further below.
Productivity Records From
Rates of Accumulation From Radiocarbon Data
As in most previous AMS radiocarbon dating of sapropel S1, radiocarbon data (Table 2) To achieve a common basis on which to compare the different S 1 units, a chronology for the sapropel region in each core is derived by fitting a linear regression of marine radiocarbon convention age on depth. In some cores the radiocarbon data show that whole core rates of accumulation have been irregular through time, and in such cases, age values immediately above, within, and immediately below the S1 unit am preferred for construction of local floating regressions in the vicinity of the units. The explicit assumption in selective omission of data points is that any redeposition process must introduce sediment with a radiocarbon age older than newly deposited sediment, and such ages are therefore expected to exceed the regression lines through selected data. At face value, the differences in time between the slowly and rapidly accumulated sediments might represent a slightly earlier start and later end to sapropel formation in the slowly accumulated sediments. As these three box cores are generally from greater water depths than the rapidly accumulated sediments (Table 1) , it is conceivable that water column anoxia might have developed earlier and been maintained longer in the deeper parts of the basin. This is contrary to the arguments of Strohle and Krorn [1997] who envisaged that S1 formation occurred first in a midwater oxygen minimum zone that subsequently expanded downward. The Herodotus Abyssal Plain core MD81-LC25 is critical to the water depth argument because it is from the deepest water depth of the available cores. High productivity in that core begins before 9000 years B.P. and is completed by 6100 years B.P. (Figure 6b ), so that it does not appear as if the offsets in S1 time can be related simply to water depth. If the S1 sapropel has an unusually short duration in the Adriatic Sea area compared with the remainder of the basin, it appears likely that ventilation may not have been shut down completely during S1 sapropel formation but rather may have been intermittent or present at a reduced level which was insufficient to oxygenate the deep water column of the entire basin. This is opposite to the contention of Fontugne et al. [ 1989] units. Low accumulation rate S1 sediments (< 5 crn kyr '])
Low (< 5 cm kyr 't) accumulation rate sediments
From the eight AMS radiocarbon analyses available for this
consistently indicate a duration between <10,000 and 5300 marine radiocarbon convention years B.P., but more rapidly accumulated S l sediments generally indicate a somewhat shorter duration between -9500 and 6000 years B.P. This difference is interpreted as an artifact of bioturbation on either or both the Ba/A1 index and the dated foraminifera in slowly accumulated sediments rather than a water depth effect.
The S1 unit in the Adriatic Sea core studied has a shorter duration than in any other core, which is interpreted to mean that while ventilation may have been generally restricted during the S 1 episode, it may not have been shut down fully or continuously. In this and two other cores from the north of the 
